Background: Awareness among patients and general population is a major determinant for prevention of diabetes and its complications. The elucidation of status of knowledge and attitude as well as prevalent practices are the principle indicators of awareness in various populations. Aim: Theaim of this study was to explore knowledge, attitude and practice (KAP) regarding diabetes mellitus (DM) among nondiabetic (nonDM) population and diabetes mellitus (DM) patients in Riyadh, Saudi Arabia. Methods: A cross-sectional study was conducted among adults (784, aged 18 years and above, 47% male and 53% female) participants selected purposively from the outpatient department of two hospitals of Riyadh. After obtaining consent from participants, KAP were assessed by a validated, pre-structured, interviewer-administered questionnaire (Arabic translated). The results were evaluated as average scores as well as levels in KAP. Univariate and bivariate statistical analysis were done as appropriate. Multivariate linear regression was done to examine the association between diabetes related KAP and other covariates. Results: Overall, highpercentage of participants exhibited good knowledge, attitude and practice score, 75% , 46% and 43%, respectively. Among DM participants, knowledge level was good in 32%, while 56% and 55% of them showed positive attitude and practice, whereas, in the nonDM group, only 25% demonstrated good knowledge and 48% & 52% respectively, showed positive attitude and practice. The KAP towards diabetes was found to be better among people who were living with diabetes compared to people without diabetes. DM males scored better both in knowledge and attitude, compared to their female counterparts (p< 0.001). However, females showed better practice compared to males. The level of education positively correlated with KAP scores (p < 0.001). On linear regression analysis, knowledge scores correlated strongly with marital status, location, diabetic state, and attitude. On the other hand, the attitude score was found to be associated with sex, DM status and knowledge. Finally, practice score was found to be associated with educational level, location, DM status, knowledge and attitude. Conclusions: Even though the majority (75%) of the participants have knowledge on diabetes, but their level of knowledge is not high (overall only 29% have good knowledge), also attitude and practice is not very encouraging. It appears that the current status of knowledge on diabetes did not translate into positive attitude and practices. Therefore, more emphasis should be given to address the issue of negative attitude and practices towards diabetes mellitus among general public as well as DM patients in Riyadh through community educational programs
INTRODUCTION

D
iabetes mellitus (DM) is one of most commonly fast growing noncommunicable disease threats to global public health. The alarming situation of consistent rise is no different in Saudi Arabia. [1] In the past few decades, several major socioeconomic changes have taken place in Saudi Arabia. The growth and prosperity have brought significant changes in the lifestyle of the people. Most notably, eating
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habits are less healthful, and the level of physical activity has declined. There is increased consumption of fast foods and sugar-dense beverages (e.g., sodas). Simultaneously, technological advances -cars, elevators, escalators, remotes, and smartphones -have led to a decrease in the level of activity. Furthermore, traditional dependence on locally grown natural produce such as fruits, vegetables, and wheat has also changed. This has resulted in the dramatic increase in the diabetes prevalence. [2] A report published recently from Riyadh has predicted the high prevalence of DM in Saudi Arabia with a projection of 35.37% in 2020; 40.8% in 2025; and 45.8% by the end of 2030. [3] This figures are alarming to indicate a rapidly increasing prevalence in the Kingdom of Saudi Arabia. Therefore, it is imperative to include the diabetic preventive measures on a war footing basis in national health policy to curtail the burden of the disease.
Problems associated with DM can be reduced by early diagnosis and proper management. [4] The desired goal in the management of DM is to avoid development of macro-and micro-vascular complications by achieving optimal glycemic control. [4] This involves lifestyle modification, including regular exercise, healthy diet, and weight loss in addition to compliance with effective drug therapy. Therefore, apart from good health-care professional involvement and governmental support, patients' self-knowledge and their attitude play a crucial role in obtaining a good healthy life. [5] Patients with good knowledge on diabetes and its complications seek proper treatment and care and take charge of their health. [6] There is strong evidence that individuals who are educated and diligent with their diabetes self-care achieve better and durable diabetic control. [7, 8] Furthermore, previous studies on knowledge, attitude, and practice (KAP) on diabetes have supported the needs of greater awareness of prevention, diagnosis, and risk factor control in diabetes. [9] As evidenced above, good KAPs of diabetes in diabetic patients as well as in general population, is helpful in effective prevention and management of diabetes among population; however, there is dearth of such study done in Saudi Arabia except a few that mainly focused on small cities such as Jizan and Najran, respectively. [10, 11] Therefore, this study was designed to evaluate KAP toward diabetes in diabetic patients as well as in general population of the capital city of Saudi Arabia, Riyadh.
SUBJECTS AND METHODS
Study setting
In DM cohort, using the purposive sampling method, all subjects attending the health-care facilities of two hospitals during the study period (September 2017 to December 2017) were included in this study. In non-DM cohort, samples were selected based on inclusion criteria among those visiting shopping malls and general public places.
Study population
It was a cross-sectional study conducted among 784 adult subjects (aged 18 years and above; 367 males and 471 females, 418 non-diabetic [non-DM] and 365 DM). The study population was adults aged 18 years and above from both genders. People who were <18 years old, severe physical illness, mentally handicapped, had attended a diabetes education program in the past 1 year, or declined to participate in this study were excluded.
Development of KAP questionnaire and data collection
Opinion and advice were obtained from teachers, experts from relevant fields, and advisors throughout the initial period of constructing the questionnaire. Important domains relevant to KAP were recognized after an extensive review of similar and validated questionnaires used in other settings. [12] [13] [14] [15] The necessary modifications were done considering lifestyle, social, cultural, regional, and economic factors related to Saudi Arabian population. Face validity of the content of the questionnaire was ensured with the help of experts working with diabetic patients. Subsequently, content validity was done in consultation after meeting several experts in diabetes such as dietician, nursing staff, diabetic educator, psychologist, and diabetic patients.
Initial questionnaire draft was prepared in English, after its validation and approval from subject experts; questionnaire was translated in the native language of Saudi Arabia residents, Arabic. Arabic translated questionnaire was re-checked for content validation. Pretesting of the questionnaire was performed to gather information on its understandability, time consumed by each question, consistency among related variables and acceptability.
Data were collected individually by a personal visit of five data collectors. For standardized data collection, all the collectors were given extensive training over 1 week on relevant issues such as patient counseling and crosschecking of answers.
The questionnaire was divided into two sections. Section 1 consisted of sociodemographic information, age, gender, educational level, occupation, nationality, location, marital status, DM status, and family history of the disease. Section 2 consisted of issues related to knowledge, attitude, and selfcare practice. Knowledge was measured using 12 main questions related to diagnosis, risk factors, prevention, and complications of DM. Examples of questions covering knowledge were "What happens to blood sugar in diabetes?" "Dysfunction of which of the following organs leads to DM?" "What is the best way to diagnose DM?" "Do you think diabetes can affect other organs?" Answers were provided with two categorical responses "yes," "No," and "Don't know." One point was offered for each correct response, and the total score was calculated. Score range from 0 to 6, 7-9, and 10-12 were considered as poor, moderate, and good knowledge, respectively.
An attitude was assessed using eight questions related to adherence to treatment of DM. The questions were "When you or your family member or friend has diabetes, should they seek treatment?", "Do you think that controlling glucose with diet alone is better than that of controlling glucose with diet and medications?" "Can long-term use of metformin/ Glucophage cause kidney damage?" "Does long-term drug use cause organ failure?" "Does insulin cause harmful effects to the body?" "Do you think that the use of herbal therapy and alternative treatment such as acupuncture, yoga, hypnosis as well as relaxation exercises are better than modern medicine for treatment of diabetes?" "Do you believe that there is not much use in trying to have good blood sugar control, because complications of diabetes will happen anyway?" "Do you think that attending educational awareness lectures or patient counseling help in Diabetic self-care?" Responses to above questions were assessed with categorical responses "Yes," "No," and "Don't know." Participants who got four or more marks out of eight were categorized as having positive attitudes.
Practices were assessed using nine questions on preventive strategies; self-care, dietary modifications and monitoring of blood sugar. The questions were, Do you take high calories of snacks between meals? Do you control your weight? Do you take food timely? Do you have practice of eating out at least once a week/month? Do you have habit of regular exercise thrice/twice in a week? Do you smoke or exposed to passive smoking? Do you have practice of checking blood sugar level regularly (weekly/monthly)? Do you control your blood pressure level? Do you control your blood pressure level? The feedback on the above statements was evaluated with categorical responses "Yes," "No," and "Don't know." Participants who got five or more marks out of nine were categorized as having positive practices.
Operational definitions
Knowledge: "Knowledge in this study was defined as the understanding of information regarding diabetes on 12 items."
Attitude: "Attitude in this study was defined as the approach of the populations toward the 8 items related to diabetes."
Practice: "Practice in this study was defined as the pattern and regularity of practices of the 9 items related to diabetes."
Ethical approval
Ethical approval for this study was obtained from an Ethical Review Committee of College of Pharmacy, Al-Maarefa College of Science and Technology, Riyadh. Informed written consent was obtained from all individuals before data collection. Participants were informed of their rights to withdraw from the study at any stage.
Statistical analysis
Participant's sociodemographic characteristics including age, gender, educational level, occupation, nationality, location, marital status, DM status, and family history of the disease were reported using descriptive statistics. The KAP on diabetes was compared between gender, age categories, marital status, location, nationality, and level of education using t-test and analysis of variance (ANOVA) to test the equality between DM and non-DM groups. All association was considered significant at P value of ≤0.05. Multivariable linear regression modeling was applied to determine the variable associated with diabetes-related KAP. The adjusted R 2 was recorded to understand the percentage of variation explained by only the independent variables that actually affect the dependent variable. Statistical software SPSS (IBM-SPSS., version 23) was used in the analysis of data.
RESULTS
Demographic characteristics
As shown in Table 1 , a total of 784 study participants, most of them were in a young age group of 18-30 years (39%). Among them, a female (n = 417, 53%) preponderance was observed. A higher proportion of the subject (42%) possess a bachelor degree, 30% of them had high school qualification. More than 57% of the respondents were married and 90% of them were residents of urban part of Riyadh. An interesting observation of this study was a denial of smoking by a high percentage of participants (76%), while 58% and 53% of them denied routine use of high intake of lipid and fast food, respectively. However, 37% of them were practitioners of true healthy food. In the disease state, only 47% of the surveyors were diabetic and remaining 53% were non-diabetic. Among DM cohort, around 57% were suffering from DM during past 1-10 years. Slightly more than half of the participants (48%) have someone in the family suffering from DM with 37% of them were parents. Most of the respondents denied DM in spouse, siblings, and children.
KAP score and KAP level
The average KAP score (%) of the respondents was 75, 45.78, and 42.60, respectively [ Figure 1 ]. Among the non-DM, the levels of knowledge were poor in 20%, moderate in 54%, and good in 25% of the subjects. The levels of attitude in non-DM participants were described as positive 48% and negative 52%. The levels of practice of the study subjects were found to be positive in 52% and negative in 48% cases. However, for diabetic participants, the levels of knowledge were poor in 23%, moderate in 45%, and good in 32% subjects. Furthermore, the levels of attitude in DM patients were also described as positive in 56% and negative in 44%. The levels of practice of study participants were found to be positive in 55% and negative in 45% of the subjects [ Figure 2 ].
Association of KAP with diabetic status
The KAP toward diabetes was found to be better among people who were living with diabetes compared to people without diabetes. DM males scored both in knowledge and attitude, compared to their counterparts (P < 0.001). However, females showed better practice compared to males. Overall KAP was found to be significantly higher (P < 0.001) in higher aged (>45 years) participants in each group. In general, participants from urban residence have shown a significantly better attitude (P < 0.001) while vice versa in knowledge domain (P < 0.045). However, there was no significant difference in practice domain of both these cohorts. There was no significant difference in practice domain in both DM and non-DM participants from Saudi and non-Saudi origin. Among all participants, non-DM has relatively lesser score than the DM in both knowledge and attitude. Furthermore, it is evident from our result that higher educational background significantly showed a greater scores in terms of KAP both in non-DM and DM groups (P < 0.001) [ Table 2 ].
Association of KAP with sociodemographic characteristics
The one-way ANOVA showed significant differences between the mean scores for KAP in the various categories for all the covariates, namely, location, gender, and education. The level of education positively correlated with KAP scores (P < 0.001). The pattern was random for other variables.
Multiple linear regressions for the total knowledge scores, total practice scores, and total attitudes scores on covariates identified in the bivariates analysis showed several significant (adjusted) associations. Table 3 shows the results for the KAP score. Regression analysis showed that the knowledge score is associated with marital status, location, DM status, and attitude when knowledge was put as a dependent variable and the covariates of age, sex, location, marital status, DM status, level of education, and attitude score as independent variables. On the other hand, the attitude score was found to be associated with sex, DM status, and knowledge when attitudes were put as dependent and the covariates of age, sex, location, marital status, DM status, level of education, and knowledge score as independent variables. Finally, the practice score was found to be associated with educational level, location, DM status, knowledge, and attitude when practice was putas dependent and the covariates of age, sex, location, marital status, DM status, level of education, knowledge score, and attitude score as independent variables [ Table 3 ].
DISCUSSION
The state of KAP about diabetes is not a constant subject; it greatly varies from individual to individual based on socioeconomic conditions, cultural beliefs, educational level and their personal likes. In-depth understandings of these variables are imperative to promote and design preventive strategies for averting diabetes and delaying development of its complications. The findings of this research emphasize the presence of gaps in the KAP regarding DM in various sections of the society based on several sociodemographic differences.
There are few studies that explored the relationship between KAP among non-diabetic and DM groups. It has been reported that people living with DM have better KAP scores toward diabetes compared to non-DM subjects. [16] [17] [18] [19] In the present study, the participants' knowledge was assessed based on their understanding of DM, which included the causes, risk factors, symptoms, complications, and treatment options. The diabetes-related knowledge level was found to be almost same in both non-DM and DM respondents with a slight edge toward DM group. However, number of respondents with good knowledge level is higher in DM group compared to non-DM group. This finding is in line with other revelations done elsewhere. [20] One of the important revelations of this research was higher knowledge score among both DM and non-DM participants (75%). This might be due to a higher number of participation of a qualified individual with urban residency. Even though we did not assess how individuals acquired the knowledge on diabetes, it is possible that higher literacy, as well as welldeveloped social networks in Riyadh, may have a positive effect on their knowledge toward diabetes. Our findings are corroborating with another study done in Malaysia where they identified a good knowledge among its participants. [21] It is, therefore, evident that the difference in the knowledge levels among all participants is directly related to the level of literacy, level of training received and availability of information on diabetes. [22] It should be noted that we observed a gender gap in KAP regarding diabetes. Male respondents have a higher score in knowledge as well attitude while the practice scores were higher for female. This indicates a disciplined and coordinated effort from the female cohort in preventing menace of DM despite possessing a low knowledge. The findings show similarities with those from other countries. [23] The present study showed a significant positive correlation between KAP. Better knowledge is associated with a better attitude (adjusted r 2 = 0.563, P = 0.000). Further, good attitude is associated with good knowledge (adjusted r 2 = 0.585, P= 0.000). Furthermore, positive practice is associated with positive attitude (adjusted r 2 = 0.585, P = 0.000). This means that "the higher their knowledge, the better their attitude and the positive their practice" toward diabetes. These findings agree with the findings of other studies. [20, 24] The most notable finding in our study is the gap between knowledge on diabetes and attitudes as well as practices toward diabetes and its management. Even though the majority (>75%) had either moderate or good knowledge, it is not reflected on their attitudes (46%) and practices (43%). Most studies show that the attitude goes in hand in hand with the knowledge. Even though it is difficult to find out the reasons for this gap, there may be a number of plausible reasons. One reason may be improper and uncoordinated health education. In Saudi Arabia, most of the diabetes health promotion efforts are conducted in an uncoordinated and ineffective manner through social media. This might lead to spread of information but in a way that is not convincing to the general population of Riyadh, Saudi Arabia to change their attitude and practices. Therefore, we believe that it is necessary to direct more resources to improve the knowledge and develop an innovative educational model to change the attitude of general public. Knowledge does not always result in positive attitude and practices. A previous study that examined the effect of knowledge on practice showed that the participants continued to take sweetened foods even though they were well aware about the deleterious effects of sugar on oral hygiene. [25] It is, therefore, important to identify interventions that reinforce peoples' attitudes and change their practices. 
Study strengths and limitations
This study included mostly urban areas, young population with high qualification. As Saudi Arabia is undergoing a transitional phase having the predominant young population (>50%) with urbanized residency and desire for education, also, two hospitals selected for collecting the data attracts patients with varying levels of disease control, current study is best representative sample to assess KAP in Riyadh.
However, since the study was conducted in the urban hospitals, where DM related education may be more readily accessible to patients. It raises concerns that DM patients and their relatives attending primary health-care centers with less access to diabetes education may have poor KAP score.
For the non-DM cohort, participants were recruited by an open invitation method and hence can introduce a healthseeking bias with more health conscious people being inadvertently included in the study. However, this raises concerns that people who are less health conscious may have even poorer KAP toward diabetes than what was observed in this study.
Furthermore, we did not ask the sources of health information. Knowledge of the sources of information would have been useful in identifying the most appropriate method for health promotion among the general public in Riyadh, Saudi Arabia.
CONCLUSIONS
The present study demonstrated overall high knowledge score but low attitude and practice scores toward diabetes care. At the same time, most of them possess a low level of good knowledge with almost half of them having positive attitude and practices toward DM. There is a need to carry out largescale awareness programs, after identifying the appropriate means to spread the message to the general population. There is also a need to develop innovative tools and educational models that could impart DM knowledge in such a way that it changes the attitude and bring about reforms in their practices toward DM. Therefore, this study can be used as a baseline evaluation for the national diabetes awareness campaign and modify the approach toward education on diabetes giving more emphasis on changing the attitude that will change their practice about diabetes.
